While extrahepatic factor VIII (FVIII) synthesis suffices for hemostasis, the extrahepatic production sites are not well defined. We therefore investigated the ability of the human lungs to produce FVIII. Lungs from heart-beating donors, declined for transplantation, were perfused and ventilated in an isolated reperfusion model for two hours. A progressive accumulation of FVIII and VWF was recorded in the perfusion medium in three out of four experiments. By contrast, factor V, fibrinogen and IgG levels remained constant during the perfusion period, indicating that the accumulation of FVIII and VWF was not due to diffusion from the intercellular medium into the vascular system. Purified human lung microvascular endothelial cells produced FVIII during at least two passages in vitro. Altogether, these data identify the lung endothelial cells as a FVIII production site in man.
Authors' contribution A.N., D.V.R., F.R. designed research, performed lung ex vivo perfusion, analysed data and wrote the paper. M.I.H. and C.J.K. designed research, performed cell culture, analysed data and wrote the paper. R.L. designed research and measured protein concentration. M.J., K.P., J.M.S.R designed research, analysed data and wrote the paper.
For personal use only. on . by guest www.bloodjournal.org From
Abstract
While extrahepatic factor VIII (FVIII) synthesis suffices for hemostasis, the extrahepatic production sites are not well defined. We therefore investigated the ability of the human lungs to produce FVIII. Lungs from heart-beating donors, declined for transplantation, were perfused and ventilated in an isolated reperfusion model for two hours. A progressive accumulation of FVIII and VWF was recorded in the perfusion medium in three out of four experiments. By contrast, factor V, fibrinogen and IgG levels remained constant during the perfusion period, indicating that the accumulation of FVIII and VWF was not due to diffusion from the intercellular medium into the vascular system. Purified human lung microvascular endothelial cells produced FVIII during at least two passages in vitro. Altogether, these data identify the lung endothelial cells as a FVIII production site in man. Extra-hepatic FVIII synthesis sites are important for the acute and chronic regulation of FVIII production, as illustrated by the normal or increased FVIII levels during severe liver diseases, which result in low plasma levels of the other coagulation factors 4 .
However, the study of the regulation of extra-hepatic FVIII production has been hampered by the lack of unequivocal identification of extrahepatic tissues able to produce FVIII 1,3,5-9 .
Here we report that perfused human lungs and pulmonary microvascular endothelial cells produce FVIII.
STUDY DESIGN

Ex vivo lung perfusion study
Organs from brain-dead donors were recovered in accordance with the Belgian Transplantation Law. The Institutional Review Board approved a study protocol on ex and ventilated with 100 ml air/min/kg donor body weight. Pulmonary physiological variables remained stable during the total perfusion time. When indicated, the medium was supplemented with 100 nM phorbol 12-myristate 13-acetate (PMA; Sigma, Bornem, Belgium) or 1 pg/ml desmopressin acetate (Ferring, Malmö, Sweden). As control, complete medium was perfused for two hours with no lung inserted in the system. accumulation reached 113 ± 37 mU/ml (mean ± SD; n = 4). The VWF/FVIII:Ag ratio was 6.3 ± 2.7 (mean ± SD; n = 4) whereas in plasma that ratio is 1, in agreement with the fact that most FVIII is produced by the liver 1-3 .
RESULTS AND DISCUSSION
Neither desmopressin acetate nor PMA substantially increased the rate of FVIII or VWF secretion ( Figure 1A-C) , possibly due to alteration of Weibel-Palade body physiology [17] [18] [19] by cold preservation 20, 21 . In addition, lungs from donor 1 showed signs of severe oedema at the onset of perfusion.
For personal use only. on October 24, 2017. by guest www.bloodjournal.org From It is unlikely that the accumulation of FVIII and VWF was due to release of plasma from vessels reopened during ex vivo perfusion or to diffusion of FVIII and VWF from the intercellular fluid to the perfusion medium. Indeed, extensive flushing of the lungs had been performed immediately after organ collection and the levels of FV, fibrinogen and IgG in the perfusion medium did not increase during ex vivo perfusion experiments ( Figure 1D-E) . Neither FVIII nor VWF was released from erythrocytes in perfusion medium ( Figure 1A-C) .
Altogether, the data indicated that the human lung is a site of release of FVIII, whether synthesized or stored locally. As genetically manipulated human umbilical vein endothelial cells can produce FVIII 22 , we determined whether isolated HPMEC secreted FVIII. After passage 1 and 2 in vitro, a significant FVIII production was observed in 6 out of 7 HPMEC cultures (Table 1) . FVIII:C activity was inhibited by an antibody to FVIII (Table 1) 
